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IMAGE MOVEMENT VECTOR DETECTION 
APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to the detection of image 
movement vectors representing movement of objects Within 
images represented by image signals. 

It is often useful to employ techniques for detecting the 
movement of an object Within an image for purposes such as 
video standards conversion and video signal compression. 
As distinguished from image movement vector detection, 

a technique for compensating for the effects of video camera 
vibration is discussed in Japanese Patent Publication No. 63 
166 370. In this vibration compensation technique, pixel 
data representing an image are divided into block areas 
Within the image and a macro vector representing movement 
in each block is produced. If the same macro vector is 
detected in blocks Which are relatively far apart Within the 
image, these corresponding macro vectors are assumed to 
represent vibration and a vibration vector corresponding 
thereWith is produced. Then the pixel data are shifted in 
accordance With the vibration vector to compensate for the 
vibration of the camera. 

The problem of image movement vector detection is 
complicated by the presence of vibration components. That 
is, apparent object movement Within an image can actually 
be caused by camera vibration and the apparent movement 
can be mistaken in the detection process for actual move 
ment of the object, so that erroneous image movement 
vectors can be produced as a result of image vibration. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide image 
movement vector detection apparatus Which substantially 
alleviate the foregoing problems associated With image 
movement vector detection techniques. 

A further object of the present invention is to provide 
camera apparatus in Which accurate image movement vector 
detection enables improved adjustment of camera exposure 
time. 

Another object of the present invention is to provide video 
camera apparatus for tracking moving objects by means of 
improved image movement vector detection techniques. 

In accordance With an aspect of the present invention, an 
image movement vector detection apparatus for detecting an 
image movement vector from an image signal produced by 
a video camera is provided, the image movement vector 
representing movement of an object Within an image repre 
sented by the image signal. The apparatus comprises: vibra 
tion vector detecting means for detecting a vibration vector 
from the image signal resulting from vibration of the video 
camera; and image movement vector detecting means for 
detecting an image movement vector representing move 
ment of an object Within the image signal based on both of 
the image signal and the vibration vector. 

In accordance With another aspect of the present 
invention, a video camera for producing an image signal in 
response to a light image received thereby is provided. The 
video camera comprises: imaging means for producing an 
image signal from a light image by exposing the imaging 
means to the light image for a selectable exposure time; 
vibration vector detecting means for detecting a vibration 
vector from the image signal resulting from vibration of the 
video camera; image movement vector detecting means for 
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2 
detecting an image movement vector representing move 
ment of an object Within the image signal based on both the 
image signal and the vibration vector; and exposure time 
control means for setting the selectable exposure time of the 
imaging means based on the image movement vector. 

In accordance With a further aspect of the present 
invention, a video camera for tracking a moving object 
imaged thereby is provided. The video camera comprises: 
imaging means for producing an image signal from a light 
image; vibration vector detecting means for detecting a 
vibration vector from the image signal resulting from vibra 
tion of the video camera; image movement vector detecting 
means for detecting an image movement vector representing 
movement of a moving object Within the image signal based 
on both the image signal and the vibration vector; and servo 
means responsive to the image movement vector for adjust 
ing a position of the video camera to track the moving object 
based on the image movement vector. 

The above, and other objects, features and advantageous 
of the invention, Will be apparent in the folloWing detailed 
description of certain illustrative embodiments thereof 
Which is to be read in connection With the accompanying 
draWings forming a part hereof, and Wherein corresponding 
parts and components are identi?ed by the same reference 
numerals in the several vieWs of the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a video camera in accordance 
With an embodiment of the present invention; 

FIG. 2 is a block diagram of an image movement vector 
detection circuit of the FIG. 1 embodiment; 

FIGS. 3A through 3D are schematic diagrams for use in 
explaining the operation of the image movement vector 
detection circuit of FIG. 2; 

FIG. 4 is a block diagram of a macroblock movement 
detector circuit of the embodiment of FIG. 2; 

FIG. 5 is a schematic diagram for use in illustrating the 
operation of the vibration vector detection circuit of the FIG. 
2 embodiment; 

FIG. 6 is a block diagram of an image movement vector 
detection circuit in accordance With a further embodiment of 
the present invention; 

FIGS. 7A and 7B are schematic diagrams for use in 
explaining the operation of the embodiment of FIG. 6; 

FIG. 8 is a diagram for use in explaining the operation of 
the embodiment of FIG. 6; 

FIG. 9 is a block diagram of a further embodiment of an 
image movement vector detection circuit in accordance With 
the present invention; 

FIG. 10 is a diagram for use in explaining the operation 
of the embodiment of FIG. 9; and 

FIG. 11 is a block diagram of a video camera for tracking 
a moving object imaged thereby in accordance With a further 
embodiment of the present invention. 

DETAILED DESCRIPTION OF CERTAIN 
ADVANTAGEOUS EMBODIMENTS 

With reference noW to FIG. 1, a video camera for pro 
ducing an image signal in response to a light image includes 
a CCD imaging device 1 Which receives light from an object 
Within the camera’s image ?eld. In response to the received 
light, the CCD imaging device 1 produces an image signal 
Which it provides at an output 1a thereof. The device 1 
produces the image signal by accumulating charges for a 
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selectable exposure time and is provided With an electronic 
shutter function for selecting the exposure time in response 
to a control signal applied to a shutter control input terminal 
1b thereof. It Will be appreciated that the CCD imaging 
device 1 is only one type of imaging device that produces an 
image signal by exposure to light for a selectable exposure 
time. Other imaging devices suitable for use in the video 
camera of FIG. 1 Will be readily apparent. For example, a 
saticon tube may be used With a mechanical shutter having 
a selectable exposure time. In addition a CCD imaging 
device may be exposed for a selectable time period With the 
use of a mechanical shutter in response to the control signal. 

The output 1a of the imaging device 1 is coupled With an 
input of a matrix circuit 2 Which serves to produce a 
luminance signal (Y) and a color signal (C) from the image 
signal received at its input. The matrix circuit 2 provides the 
color signal C at an output coupled With a ?rst input of a 
video processing circuit 3 having a second input coupled 
With a second output of the matrix circuit 2 to receive the 
luminance signal Y. The video processing circuit 3 carries 
out necessary signal processing as required or desired for the 
particular application of the video camera, such as gamma 
correction, video encoding, recording signal processing and/ 
or composite video signal production to provide a video 
output signal at an output 3a. 
As noted above, CCD imaging device 1 accumulates 

charges in response to received light in order to produce an 
image signal. If a moving object is imaged by the device 1, 
or any similar device, an excessive accumulation time (that 
is, an excessive light exposure time) can result in a blurry 
image. 

In the embodiment of FIG. 1, a system controller 4 
provides an exposure time control signal to the control input 
1b of the CCD imaging device 1 and also controls image 
signal readout therefrom. A read only memory (ROM) 5 
stores accumulating time data Which is accessed by the 
system controller 4 based on the movement of an object 
being imaged by the imaging device 1. That is, the accu 
mulating time data stored in ROM 5 is selected to cause the 
system controller 4 to reduce the exposure time of the 
imaging device 1 for relatively larger amounts of object 
movement as need be to avoid producing a blurry image 
When reproduced. The movement of the object is repre 
sented by an image movement vector detected by means of 
an image movement vector detector 6 and supplied thereby 
to an input 4a of the system controller 4. The image 
movement vector detector 6 serves to detect the image 
movement vector based on digitiZed luminance data sup 
plied by an analog-to-digital converter 7 having an 
input coupled With the second output of the matrix circuit 2 
to receive the luminance signal Y. 

As an example, if a user Wishes to take a still picture of 
another person as he or she sWings a golf club, the vector 
detector 6 Will serve to produce an image movement vector 
indicating the person’s movement, so that the system con 
troller 4 is able to adjust the accumulating time of the 
imaging device 1 accordingly to avoid producing a blurry 
picture. It Will be appreciated that the embodiment of FIG. 
1 is also useful for producing moving pictures, and that the 
same may be adapted for use in controlling the exposure 
time of a ?lm camera to avoid producing a blurry image. 
That is, the image movement vector produced by the vector 
detector 6 may be used to control the timing of a ?lm 
camera’s shutter for this purpose. 

Referring also to FIG. 2, the image movement vector 
detector 6 is illustrated therein in greater detail. The image 
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4 
movement vector detector 6 includes a vibration vector 
detecting circuit 10 Which is provided With the digitiZed 
image data at an input 12 and Which serves to detect a 
vibration vector from the image data resulting from vibra 
tion of the video camera. The detected vibration vector is 
supplied at an output 14 of the circuit 10. 
The image movement vector detector 6 also includes an 

image movement vector detection circuit 16 Which receives 
both the image data from the input 12 as Well as the vibration 
vector from the output 14 of the circuit 10 and serves to 
detect an image movement vector representing movement of 
an object Within the image based on both the image data and 
the vibration vector. The circuit 16 supplies the image 
movement vector at an output 20 from Which the image 
movement vector is supplied to the input 4a of the system 
controller 4 of FIG. 1. 

In order to detect the vibration vector, the vibration vector 
detection circuit 10 in effect divides the image data of each 
picture or frame into a plurality of macroblock areas Which 
collectively include all of the pixels of the frame. With 
reference also to FIG. 3A an exemplary frame of image data 
24 effectively is divided into 16 macroblock areas desig 
nated 26a through 26p. Each of the macroblock areas 26a 
through 26p, for example, may encompass a matrix of 48 by 
48 pixels as illustrated in FIG. 3B. Each of the macroblock 
areas 26a through 26p in turn is divided into 16 by 16 pixel 
search areas 30a through 30i. A pixel position substantially 
at the center of each of the search areas 30a through 30i is 
regarded as a typical point 32a through 32i, respectively. 

For each frame of the image signal, the vibration vector 
detection circuit 10 stores the luminance value at the cor 
responding one of typical points 32a through 32i in each 
search area 30a through 30i in each of the macroblock areas 
26a through 26p in a typical point memory 36. During the 
folloWing frame, as the luminance data is received by the 
vibration vector detection circuit 10, each pixel thereof is 
subtracted from the luminance value of the corresponding 
one of typical points 32a through 32i Within the correspond 
ing search area 30a through 30i of the respective macrob 
lock area 26a through 26p by means of a subtracting circuit 
40 to produce difference data dif1 Which, in turn, is supplied 
to the input of an absolute value detecting circuit 42 Which 
serves to produce an output |dif1|. 
The vibration vector detection circuit 10 includes 16 

macroblock movement detection circuits 44a through 44p 
each of Which accumulates absolute value difference data 
corresponding to one of the macroblock areas 26a through 
26p. More particularly, for each respective position Within 
the 16 by 16 pixel search areas of the respective macroblock 
area, each macroblock movement detection circuit 44a 
through 44p adds the nine absolute values of the difference 
data from all nine search areas 30a through 30i. That is, the 
absolute value of the difference data produced from the 
luminance value of the typical point 32a When subtracted 
from the luminance value of the upper left hand pixel Within 
the search area 30a of the macroblock 26a is added to the 
absolute value of the difference betWeen the luminance 
value of the typical point 32b and the upper left hand pixel 
of the search area 30b, as Well as to the absolute value of the 
corresponding difference data produced for each of the 
remaining search areas 30c through 30i. The absolute values 
of such difference data are accumulated in a correlation 
value memory 50 of each macroblock movement detector 
circuit 44a through 44p, as illustrated in FIG. 4. Once all of 
the data has been accumulated in the correlation value 
memory 50, a minimum value detection circuit 52 of the 
corresponding macroblock movement detection circuit 44a 
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through 44p detects the minimum accumulated value among 
the 16 by 16 stored values of the correlation value memory 
50. The position of the minimum value data With respect to 
the typical point position as detected by the minimum value 
detection circuit 52 represents a macroblock movement 
vector from the preceding frame to the current frame. 

The macroblock movement vectors thus produced by the 
16 macroblock movement detection output 44a through 44p 
are provided to a vibration vector output circuit 56 Which 
serves to select a vibration vector for the current frame. With 
reference also to FIG. 5, the operation of the vibration vector 
output circuit 56 Will be illustrated in connection thereWith. 
FIG. 5 illustrates exemplary macroblock vectors as arroWs 
Within macroblock areas 26a through 26p corresponding 
With the macroblock areas in FIG. 3A. In the example of 
FIG. 5, it is seen that ten of the sixteen macroblock areas 26a 
through 266, 26i and 26m through 26p, produce the same 
macroblock movement vector, While four of the macroblock 
areas at the center of the image produce a different corre 
sponding vector and the macroblock areas 26h and 261 
produce still another corresponding vector. The vibration 
vector output circuit 56 selects the most numerous macrob 
lock movement vector as the vibration vector for the current 
frame. Accordingly, the vibration vector in the illustration of 
FIG. 5 Would be that produced, for example, for macroblock 
area 26a. In the alternative, the vibration vector may be 
selected as a vector corresponding With tWo or more macro 

vectors Which are substantially the same but represent 
movement in Widely spaced macroblock areas. 

The image movement vector detection circuit 16, as noted 
above, also receives the image data from the input 12. The 
image movement vector detection circuit 16, in effect, 
operates on data Within sixteen macroblock areas in the 
center of each frame. With reference also to FIG. 3C, a 
central portion 60 thereof is subdivided into macroblock 
areas 62a through 62p, each 36 by 36 pixels and subdivided 
into four search areas. The image movement vector detector 
16 serves to produce a macroblock movement vector for 
each of the macroblock areas 62a through 62p in the same 
fashion as the vibration vector detector 10 produces mac 
roblock movement vectors for the macroblock areas 26a 
through 26p. 
More speci?cally, and With reference also to FIG. 3D, the 

image movement vector detector 16 includes a typical point 
memory 66 Which stores typical point data 64a through 64d 
from a next preceding frame for each of four equally 
dimensioned search areas 63a through 63d in each of the 
sixteen macroblock areas 62a through 62d and subtracts the 
typical point data from corresponding search area data of the 
current data frame by means of a subtracting circuit 68 to 
produce difference data dif2 Which it supplies to absolute 
value circuit 70 Which, in turn, produces the absolute value 
thereof |dif2|. Each of the absolute value data produced by 
the circuit 70 is supplied to a respective one of sixteen 
macroblock movement detector circuits 74a through 74p 
each of Which serves to produce a macroblock movement 
vector for the corresponding one of macroblock areas 62a 
through 62p in the same fashion as macroblock movement 
detector circuits 44a through 44p produced macroblock 
movement vectors for the macroblock areas 26a through 26p 
of FIG. 3A. Since image movement vectors usually are 
greater in magnitude than vibration vectors, relatively larger 
search areas (18x18 pixels) are employed by the circuit 16 
than are used by the circuit 10 (16x16 pixels). 

The macroblock movement vectors thus produced by the 
circuits 74a through 74p are supplied to an image movement 
vector output circuit 76 Which is also supplied With the 
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6 
vibration vector from the output 14 of the vibration vector 
detector 10. The image movement vector output circuit 76 
compares the macroblock movement vectors provided by 
the circuits 74a through 74p to the vibration vector received 
from the vibration vector detector 10 and disquali?es any of 
the macroblock movement vectors Which correspond to the 
vibration vector. Then the circuit 76 determines the image 
movement vector corresponding With the most numerous 
ones of the remaining macroblock movement vectors 
received from the circuits 74a through 74p. Then the image 
movement vector output circuit 76 outputs the selected 
image movement vector from the output 20 to the input 4a 
of the system controller 4. 

In an alternative embodiment of the image movement 
vector output circuit 76, the alternative embodiment also 
disquali?es any macroblock movement vectors correspond 
ing With the vibration vector, but then produces an image 
movement vector Which is an average of the remaining 
macroblock movement vectors. In still another embodiment 
of an image movement vector output circuit, While macrob 
lock movement vectors corresponding With the detected 
vibration vector are disquali?ed, any other macroblock 
movement vectors Which are very different from the most 
numerous macroblock movement vector are also disquali 
?ed. Then the remaining macroblock movement vectors are 
averaged to produce the image movement vector. To deter 
mine Whether a given macroblock movement vector is very 
different from the most numerous macroblock movement 
vector, it is determined Whether the difference therebetWeen 
exceeds a predetermined threshold. The technique carried 
out by this further embodiment provides the ability to 
distinguish motion of another object in the background from 
the object Which the user intends to image. 

While the embodiment of FIG. 2 compares data of suc 
cessive frames to produce an image movement vector, it Will 
be appreciated that in the alternative the data of a current 
?eld may be compared to data of a preceding ?eld. 

Referring noW to FIG. 6, still another embodiment of an 
image movement vector detector 80 is illustrated therein. 
Image movement vector detector 80 receives luminance data 
at an input 82 and a detected vibration vector at an input 84 
and serves to produce an image movement vector based 
upon both the input luminance data and the input vibration 
vector Which it then supplies at an output 86. 

An upper branch of the image movement vector detector 
80 including a typical point memory 90, a subtracting circuit 
92, an absolute value circuit 94, and four correlation 
memory circuits 96a through 96d, produce macroblock 
movement vectors for four macroblock areas centered in an 
image utiliZing nine search areas covering the entire area of 
each macroblock. As shoWn in FIG. 7A, a typical macrob 
lock area 100 as processed by the upper branch of the 
detector 80 is divided into nine search areas 102a through 
102i. The typical point memory 90 stores typical point data 
from the preceding frame corresponding With pixel positions 
104 of each of the search areas 102a through 102i. The 
subtracting circuit 92 subtracts the typical point data for 
each search area from each of the pixel values of the current 
frame therein and supplies the difference data thus produced, 
dif3, to the absolute value circuit 94 Which produces the 
absolute value thereof |dif3| Which it, in turn, supplies to the 
appropriate one of the correlation memories 96a through 
96d storing absolute value difference data of the correspond 
ing macroblock area. 

A loWer branch of the detector 80 includes a further 
typical point memory 110, a subtracting circuit 112, an 
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absolute value circuit 114, and four correlation memories 
116a through 116d. The loWer branch of the detector 80 
processes data of the same macroblock areas as processed by 
the upper branch, but using different search areas. More 
speci?cally, With reference to FIG. 7B, the loWer branch of 
the detector 80 processes macroblock data Within four 
search areas 120a through 120d centered in the macroblock 
area 100. Each of the search areas 120a through 120d has the 
same siZe and shape as the search areas 102a through 102i, 
so that each of the search areas 120a through 120d includes 
pixels Within four of the search areas 102a through 102i. By 
using overlapping search areas, such as those illustrated in 
FIGS. 7A and 7B, motion Within a given macroblock area 
100 beginning, for example, in the search area 1026 of FIG. 
7A and ending in search area 102i thereof, as indicated by 
the vector 122, Which Would be detected incorrectly With the 
use of the search areas of FIG. 7A, can be detected correctly 
in processing the data from search area 120d of FIG. 7B. 
Incidentally, search areas 102a through 102i and 120a 
through 120d are relatively larger than the search areas used 
for vibration vector detection by the circuit 10, since vibra 
tion vectors typically are much smaller in magnitude than 
image movement vectors. 

The loWer branch of the detector 80 stores typical point 
data from the next preceding frame corresponding With pixel 
positions 124 in FIG. 7B for each of the four search areas 
120a through 120d in each of the four macroblock areas in 
the further typical point memory 110. As pixel data corre 
sponding With the search areas 120a through 120d of the 
four macroblock area is received at the input 82, the sub 
tracting circuit 112 subtracts the appropriate typical point 
data from the input image data to produce data dif4. The 
absolute value circuit 114 produces the absolute value of the 
difference data, |dif4|, Which it then supplies to the appro 
priate one of the correlation memories 116a through 116d 
depending on the macroblock area to Which the difference 
data corresponds. The correlation memories 116a through 
166d operate in the same fashion as the correlation memo 
ries 96a through 96d to accumulate difference data of 
corresponding pixel positions Within each of the search areas 
120a through 120d of the respective macroblock area. 

Each correlation memory 96a through 96d and 116a 
through 116d outputs its accumulated difference data to a 
respective one of four uni?cation memories 130a through 
130d. Each uni?cation memory 130a through 130d accu 
mulates the difference data of corresponding locations of the 
thirteen search areas 102a through 102i and 120a through 
120d of a respective macroblock area. Each uni?cation 
memory 130a through 130d outputs its accumulated differ 
ence data through a respective one of four minimum value 
detection circuits 132a through 132d Which selects the 
position having the minimum accumulated difference data in 
order to produce a macroblock movement vector for the 
corresponding macroblock. It Will be seen that, by adding 
the difference data from search areas 120a through 120d to 
the difference data from areas 102a through 102i, the 
uni?cation memories serve to reduce the effects of noise by 
averaging a larger amount of data than the correlation 
memories. 

The operation of the minimum value detection circuits 
132a through 132d is illustrated graphically in FIG. 8 
Wherein a correlation surface 140 represents exemplary 
accumulated difference data supplied by one of the uni?ca 
tion memories 130a through 130d for an exemplary mac 
roblock area. More speci?cally, in FIG. 8, x and y axes 
represent pixel positions (xi, yi) Within each search area, 
While a Z axis represents the accumulated difference data, or 
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8 
correlation value, at each search area pixel position. For 
example, the correlation value at point b represents the 
accumulated difference data at a pixel position (x1, y1) of 
each search area of a corresponding macroblock. As seen in 
FIG. 8, local minima of the correlation values occur at 
positions b and c of the search area pixel positions, but an 
absolute minimum of the correlation values for that mac 
roblock area occurs at point a. Accordingly, the correspond 
ing one of the minimum value detection circuits 132a 
through 132d provided With the data as represented in FIG. 
8 Will output a macroblock movement vector corresponding 
With the pixel position a With respect to the typical point 
position. The correlation value minima at points b and c can 
represent, for example, the movement of objects in the 
background Which the minimum value detection circuit thus 
ignores. 
Each of the minimum value detection circuits 132a 

through 132d supplies its macroblock movement vector to 
an image movement vector output circuit 144 Which is also 
supplied With the vibration vector at the input 84. The image 
movement vector output circuit 144 serves to select the 
image movement vector from among the vectors supplied by 
the circuits 132a through 132d With the use of the vibration 
vector utiliZing any of the techniques therefor described 
above. The image movement vector output circuit 144 
outputs the selected image movement vector to the output 86 
of the image movement vector detector 80. 

While the embodiment of FIG. 6 compares data of suc 
cessive frames to produce an image movement vector, it Will 
be appreciated that in the alternative the data of a current 
?eld may be compared to data of a preceding ?eld. 

FIG. 9 illustrates a further embodiment of an image 
movement vector detector 150 having an input 152 for 
receiving image data Which is supplied therefrom both to a 
vibration vector detection circuit 154 and an image move 
ment vector detection circuit 156. As in the case of prior 
embodiments, the vibration vector detection circuit 154 
detects a vibration vector Within a given frame of an image 
signal and supplies the detected vibration vector at an output 
160 coupled With an input of the image movement vector 
detection circuit 156. The image movement vector detection 
circuit 156 detects an image movement vector based upon 
both the image data received at the input terminal 152 and 
the vibration vector, and supplies the detected image move 
ment vector at an output 162 of the image movement vector 
detector 150. 

Unlike the previously described embodiments, the vibra 
tion vector detection circuit 154 processes image data only 
from macroblock areas positioned in the periphery of each 
frame surrounding a central area thereof. Accordingly, a 
typical point memory 166 stores typical point data from the 
preceding frame but only for peripheral macroblock areas. A 
subtracting circuit 168 serves to produce difference data dif5 
for each of a plurality of search areas Within each of the 
peripheral macroblock areas based upon the data stored in a 
typical point memory 166 and supplies the difference data to 
an absolute value circuit 170 Which outputs the absolute 
value of the received difference data to one of a plurality of 
macroblock movement detectors 174 each of Which accu 
mulates the difference data for a respective macroblock for 
corresponding pixel locations Within the various search 
areas, and outputs a macroblock movement vector for the 
corresponding macroblock area to a vibration vector output 
circuit 180. The circuit 180 produces a vibration vector 
based on the macroblock movement vector supplied thereto 
from the macroblock detection circuit 174 and supplies the 
detected vibration vector at the output 160. Either data of a 
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current frame may be compared to data of a preceding frame 
to produce the vibration vector, or else the data of a current 
?eld may be compared to that of a preceding ?eld for this 
purpose. Moreover, the vibration vector detector 10 of FIG. 
2 may be substituted for the vibration vector detector 150 in 
the FIG. 9 embodiment. 

The image movement vector detection circuit 156 
includes a center area memory 184 Which stores pixel data 
for the center area of the ?eld occurring tWo ?eld intervals 
prior to the current ?eld of the image data. The preceding 
?eld picture data stored in the center area memory 184 is 
supplied to a block matching circuit 186 Which is also 
supplied With current ?eld data received at the input 152. 
The block matching circuit 186 carries out a block matching 
process for each of a plurality of macroblock areas Within 
the center area of the current ?eld. With reference also to 
FIG. 10, the block matching process carried out by the 
circuit 186 for an exemplary macroblock area 190 of a 
current ?eld k is illustrated therein. A search block 192 
Within the macroblock area 190 is selected including M 
pixels in the horiZontal direction by N pixels in the vertical 
direction. The search block 192 is matched With a search 
area 194 of a corresponding macroblock area 196 Within the 
?eld k-2 Whose data is stored at that time in the center area 
memory 184. 

The search area 194 is relatively larger than the area of the 
search block 192 and is bounded at an upper edge by a 
portion of a horiZontal line of pixels extending from pixel 
position (—d, —d) to pixel position (d, —d). The search area 
194 is bounded at a loWer edge by a line extending from the 
pixel position (—d, d) to pixel position (d, d). In effect, the 
block matching circuit 186 matches the data from the search 
block 192 sequentially With subsets of the data Within the 
search area 194 beginning at a ?rst position at Which the 
upper left hand pixel of the search block 192 is matched With 
the pixel position (—d, —d) of the search area 194 and the 
remaining pixel positions of the search block 192 are 
matched With corresponding positions of the search area 
194. The absolute values of the differences betWeen the 
matched pixels of the search block 192 and the search area 
194 are then accumulated. Then the pixel data of the search 
block 192 is matched With a further subset of the pixel data 
Within the search area 194 by matching the upper left hand 
pixel thereof With the pixel position (1-d, —d) and the same 
process is carried out. This process is carried out repeatedly 
by shifting the search block 192 one pixel position to the 
right until its upper right hand pixel is matched With the 
pixel of the search area 194 at position (d, —d). In this 
manner, absolute values of difference data are accumulated 
separately by matching the data of the search block 192 With 
successive subsets of the search area 194 data by aligning its 
upper left hand pixel successively With each of the points 
(—d, —d) through (d-M, —d). This process is repeated for 
each line of pixel data Within the search area 194 until the 
loWer right hand pixel of the search block 192 has been 
matched With the pixel data of the search area 194 at position 

(d, d). 
At each match position of the search block With data of 

the search area 194, an evaluation function is carried out as 
folloWs, Wherein the center position of the search block 192 
as displaced from the center of the search area 194 is 
indicated (i, j), the luminance value of each search block 
pixel at position (m, n) Within the search block 192 is 
indicated as sk (m, n) and the luminance value of the search 
area pixel to Which it is matched is indicated as sk_2 (m+i, 
n+j): 
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The block matching circuit 186 carries out the evaluation 
function for each position (i, of the search area 194 and 
selects the macroblock movement vector for each macrob 
lock as the position (i, at Which the evaluation function E 
has a minimum value. 
The block matching circuit 186 applies the macroblock 

vectors thus detected to a macro vector memory 188 for 
storage therein. An image movement vector output circuit 
189 is supplied both With the vibration vector from the 
output 160 of the vibration vector detector 154 and the 
macro vectors stored in the memory 188 and serves to select 
an image movement vector utiliZing any of the techniques 
described above for image movement vector detection 
Which it then supplies at the output 162 of the image 
movement vector detector 150. 

Since the image movement vector detection circuit 156 
implements a block matching technique, instead of one of 
the typical point matching techniques employed in the 
embodiments of FIGS. 2 and 6, the circuit 156 provides 
relatively higher accuracy and is used in applications for 
Which such accuracy is essential. HoWever, the circuit 156 is 
relatively more complex than the corresponding circuits of 
FIGS. 2 and 6. 

Although the circuit 156 carries out block matching on 
interlaced image signals, it Will be appreciated from the 
disclosure herein that the circuit 156 may be adapted With 
appropriate modi?cations to carry out block matching on 
non-interlaced image signals. 

In the case of each embodiment of an image movement 
vector detector 6, 80 and 150 as described above, memory 
Writing and reading, as Well as data processing by the 
various elements thereof are carried out under the control of 
the system controller 4. 
With reference noW to FIG. 11, a video camera 200 is 

illustrated therein for tracking a moving object 202 Within a 
?eld of vieW 204 thereof. The video camera includes an 
imaging device 210 Which produces an image signal repre 
senting the object 202 Which it supplies to an image move 
ment vector detector 214 Which may be, for example, any of 
the image movement vector detectors described herein 
above. The image movement vector detector 214 serves to 
produce an image movement vector at an output 216 thereof 
representing movement of the object 202 Within the ?eld of 
vieW 204. A camera position servo 220 is supplied With the 
image movement vector from the output 216 as an error 
signal and serves to adjust the position of the imaging device 
210 to track the object 202 in response to the image 
movement vector. 

Although speci?c embodiments of the invention have 
been described in detail herein With reference to the accom 
panying draWings, it is to be understood that the invention 
is not limited to those precise embodiments, and that various 
changes and modi?cations may be effected therein by one 
skilled in the art Without departing from the scope or spirit 
of the invention as de?ned in the appended claims. 

I claim: 
1. An image movement vector detection apparatus for 

detecting an image movement vector from an image signal 
produced by a video camera, the image movement vector 
representing movement of an object Within an image repre 
sented by the image signal, comprising: 

vibration vector detecting means for detecting a vibration 
vector from the image signal resulting from vibration of 
the video camera; and 
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image movement vector detecting means for detecting an 
image movement vector representing movement of an 
object Within an image represented by the image signal 
based on both the image signal and the vibration vector. 

2. The image movement vector detection apparatus of 
claim 1, Wherein the vibration vector detecting means is 
operative to detect the vibration vector from an image signal 
representing substantially the entire image area of a picture, 
and Wherein said image movement vector detecting means is 
operative to detect the image movement vector based on a 
portion of said image signal representing a central part of the 
picture. 

3. The image movement vector detection apparatus of 
claim 1, Wherein the vibration vector detecting means com 
prises a plurality of macro vector detection means each for 
detecting a macro vector representing movement of an 
image in an associated macroblock area corresponding With 
a portion only of the picture and vibration vector producing 
means for producing the vibration vector based on the macro 
vectors produced by the plurality of macro vector detection 
means. 

4. The image movement vector detection apparatus of 
claim 1, Wherein the image movement vector detecting 
means includes a plurality of macro vector detecting means 
each for detecting a macro vector representing movement of 
an image in an associated macroblock area including a 
portion only of the picture, and image movement vector 
producing means for producing the image movement vector 
based on the macro vectors produced by the macro vector 
detecting means and the vibration vector. 

5. The image movement vector detection apparatus of 
claim 4, Wherein the image movement vector producing 
means is operative to produce the image movement vector 
based on the macro vectors With the exclusion of any thereof 
Which is substantially the same as the vibration vector. 

6. The image movement vector detection apparatus of 
claim 4, Wherein the image movement vector detecting 
means is operative to produce the image movement vector as 
a vector corresponding With the most commonly occurring 
macro vector among those produced by the macro vector 
detecting means. 

7. The image movement vector detection apparatus of 
claim 4, Wherein the image movement vector detecting 
means is operative to produce the image movement vector as 
an average vector of those of the macro vectors Which do not 
substantially correspond With the vibration vector. 

8. The image movement vector detection apparatus of 
claim 4, Wherein the image movement vector detecting 
means is operative to produce the image movement vector as 
an average vector of the macro vectors excluding any 
thereof differing from the most commonly occurring values 
of the macro vectors by an amount exceeding a predeter 
mined threshold. 

9. The image movement vector detection apparatus of 
claim 1, Wherein the vibration vector detecting means com 
prises typical point memory means for storing typical point 
values of one of a frame and a ?eld preceding a respective 
one of a current frame and a ?eld of the image signal, means 
for producing difference data for each of a plurality of search 
areas Within a plurality of macroblock areas of the respective 
one of the current frame and ?eld by subtracting typical 
point data stored in the typical point memory means from 
data of corresponding search areas of the respective one of 
the current frame and ?eld, means for producing a macro 
vector for each of the macroblock areas based on difference 
data of corresponding search areas and means for producing 
the vibration vector based on the detected macro vectors. 
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10. The image movement vector detection apparatus of 

claim 1, Wherein the image movement vector detecting 
means comprises typical point memory means for storing 
typical point values of one of a frame and a ?eld preceding 
a respective one of a current frame and a ?eld of the image 
signal, means for producing difference data for each of a 
plurality of search areas Within a plurality of macroblock 
areas of the respective one of the current frame and ?eld, 
means for producing a macro vector for each of the mac 

roblock areas and means for producing the image movement 
vector based on the detected macro vectors and the vibration 

vector. 

11. The image movement vector detection apparatus of 
claim 10, Wherein each of the macro vector detecting means 
is each operative to store difference data from overlapping 
search areas. 

12. The image movement vector detection apparatus of 
claim 1, Wherein the vibration vector detecting means is 
operative to detect the vibration vector based on portions of 
the image signal included in tWo successive ones of frames 
and ?elds thereof. 

13. The image movement vector detection apparatus of 
claim 1, Wherein the image movement vector detecting 
means is operative to detect the image movement vector 
based on portions of the image signal in tWo successive ones 
of frames and ?elds thereof. 

14. The image movement vector detection apparatus of 
claim 1, Wherein the vibration vector detecting means is 
operative to detect the vibration vector from a ?rst portion 
of the image signal and the image movement vector detect 
ing means is operative to detect the image movement vector 
from a second portion of the image signal differing at least 
in part from the ?rst portion thereof. 

15. The image movement vector detection apparatus of 
claim 14, Wherein the ?rst portion of the image signal 
overlaps With the second portion thereof. 

16. The image movement vector detection apparatus of 
claim 14, Wherein the vibration vector detecting means is 
operative to produce the vibration vector based on a ?rst 
portion of the image signal representing a periphery of one 
of a frame and ?eld thereof, and the image movement vector 
detecting means is operative to produce the image move 
ment vector based on a second portion of the image signal 
representing a central area of said one of a frame and ?eld 
thereof. 

17. The image movement vector detection apparatus of 
claim 1, Wherein the image movement vector detecting 
means is operative to detect the image movement vector 
based on block matching of a portion of a current frame With 
a portion of a preceding frame. 

18. The image movement vector detection apparatus of 
claim 1, Wherein the vibration vector detecting means and 
the image movement vector detecting means is operative to 
produce said vibration vector and said image movement 
vector, respectively, from a plurality of macro vectors each 
representing movement Within a respective macroblock area 
and produced from correlation data representing differences 
betWeen a plurality of typical point pixels of a preceding 
frame or ?eld of the image signal and pixels of respective 
search areas of said respective macroblock areas, the search 
areas employed for producing said image movement vector 
encompassing relatively greater numbers of pixels than the 
search areas employed for producing said vibration vector. 
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19. A video camera for producing an image signal in 
response to a light image received thereby, comprising: 

imaging means for producing an image signal from a light 
image by exposing the imaging means to the light 
image for a selectable exposure time; 

vibration vector detecting means for detecting a vibration 
vector from the image signal resulting from vibration of 
the video camera; 

image movement vector detecting means for detecting an 
image movement vector representing movement of an 
object Within an image represented by the image signal 
based on both the image signal and the vibration vector; 
and 

exposure time control means for setting the selectable 
exposure time of the imaging means based on the 
image movement vector. 

20. The video camera of claim 19, Wherein the imaging 
means comprises a charge coupled device. 

21. The video camera of claim 19, Wherein the charged 
coupled device is operative to select an exposure time 
therefor based on an electronic shutter input signal supplied 
thereto, and Wherein the exposure time control means is 
operative to supply the electronic shutter input signal to said 
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charge coupled device for selecting the exposure time 
thereof based on the image movement vector. 

22. The video camera of claim 19, Wherein the exposure 
time control means is operative to set the selectable expo 
sure time based on a magnitude of the image movement 
vector. 

23. A video camera for tracking a moving object imaged 
thereby, comprising: 

imaging means for producing an image signal from a light 
image; 

vibration vector detecting means for detecting a vibration 
vector from the image signal resulting from vibration of 
the video camera; 

image movement vector detecting means for detecting an 
image movement vector representing movement of a 
moving object Within an image represented by the 
image signal based on both the image signal and the 
vibration vector; and 

servo means responsive to the image movement vector for 
adjusting a position of the video camera to track the 
moving object based on the image movement vector. 

* * * * * 


